Channelization of the Kissimmee River transformed a 167 km meandering river into a 9 metre deep, 75 metre wide, 90 km drainage canal (C-38) that is compartmentalized with levees and water control structures into a series of five stagnant pools. Channelization dramatically changed water level and flow characteristics, drained 21,000 hectares of floodplain wetlands and severely impacted fish and wildlife populations. A $500 million dollar restoration project will restore the ecological integrity of the riverfloodplain system by reconstructing the natural river channel and reestablishing hydrologic processes. Sixty expectations have been established to quantify the ecosystem's recovery. The first phase of reconstruction was completed in February 2001 and included movement of 9.2 million cubic metres of earth to backfill 12 km of C-38, the explosive demolition of one water control structure, construction of two sections (2.4 km) of new river channel, and reestablishment of 24 contiguous km of river. Numerous social, political, and technical challenges have been encountered during the project's evolution. Recommendations are provided for future restoration projects.
Introduction
The Kissimmee River, located in central Florida of the United States of America, was channelized between 1962 and 1971 as part of the comprehensive Central and Southern Florida Flood Control Project (Figure 1 ). The Kissimmee River Basin Flood Control Project lowered and regulated water stages in the river's headwater chain of lakes, greatly modified discharge characteristics, and transformed the historic 167 km of meandering river into a 9 metre deep, 100 metre wide, 90 km drainage canal (C-38) (U.S. Army Corps of Engineers, 1956, Obeysekera and Loftin, 1990) . The canal is compartmentalized with levees, water control structures, and navigation boat locks into a series of five relatively stagnant pools. The Kissimmee River Basin Flood Control Project has the ability to move massive amounts of stormwater (110 cubic metres per second) at very low velocities (≤ 0.3 metres per second).
Although the channelization was successful for flood control, it had a negative effect on other environmental attributes. Channelization dramatically altered water levels and flow characteristics of the river ecosystem, drained more than 21,000 hectares of floodplain wetlands and severely impacted fish and wildlife populations. Most physical, chemical, biological and functional attributes of the river ecosystem were altered (Toth, 1990a (Toth, , 1993 . Remnant river sections remain connected with C-38; however flows through these channels are negligible. Resultant drainage led to increased cattle grazing and associated range "improvements" (e.g., secondary drainage systems, fertilization and planting) on the floodplain; dairy operations were established in the river's lower watersheds and have contributed to eutrophication of downstream water bodies .
The Kissimmee Chain of Lakes, which formed the historic river's headwaters, also were altered by construction of an operable discharge control point. Although the total volume of water discharged from the lakes (approximately 58% of average annual river inflows) has not changed since channelization, regulation of lake stages for flood control greatly altered the timing and regularity of outflows. Prior to regulation, the river received continuous inflows from the headwater lakes, with lowest discharges typically occurring during the dry season (December-May) and steadily increasing to an end of the wet season (November) peak. Since regulation, the natural seasonal periods of high and low flow has been reversed, discharges are intermittent, and there are extended periods during each year without inflows from the headwater lakes. Low or no discharge is common during most wet season months (June-November), while highest annual flows often occur during dry season months (particularly February-May) as stages in the lakes are lowered to provide storage capacity for flood control during the hurricane season .
Alteration of the hydrology and channelization of the Kissimmee River is particularly significant because the river's historical hydrologic characteristics, including frequency of overbank flows and prolonged floodplain hydroperiods, were unique among North American riverine systems (Toth, 1990b; Toth, 1995; Toth et al., 1995) . The extensive spatial and temporal hydrologic connectivity between the river and floodplain was a key determinant of the functional integrity of the ecosystem and was particularly important in affording fish and wildlife with continuously available feeding, reproductive and nursery habitat.
Restoration initiative
The magnitude of the channelization project and its highly visible aesthetic effects immediately sparked public outcry that was the genesis of a river restoration initiative. As the backlash over aesthetic impacts subsided, concern for and documentation of losses of ecological resources mounted, and the restoration movement became increasingly organized and politically active (Wood, 1993) . Environmental conservation organizations championed the restoration cause, which received consistent support from the state's governors, legislature and congressional delegations. Building upon this emotional basis, the focus of the nascent restoration movement shifted to resource-based concerns. The initial focus Figure 1 Kissimmee River System involved perceptions that channelization of the river was resulting in accelerated eutrophication of downstream water bodies by providing a conduit for the transport of sewage effluent that was being discharged into the river's headwater lakes. Although intensive agricultural land use and associated secondary drainage practices were soon identified as the primary causes of elevated nutrient loads in the channelized system (Florida, 1976; Federico, 1982) , downstream water quality remained a river restoration issue (Toth and Aumen, 1994) . As evidence of the impacts of channelization on fish and wildlife mounted (Perrin et al., 1982) , the primary impetus for river restoration shifted to concern for losses of wetlands and natural river resources.
Although analyses of restoration alternatives began in the early 1970s, the restoration planning and evaluation process was impeded by a history of somewhat vague and subjective environmental objectives, which were viewed and assessed independently. The adoption of a holistic ecosystem restoration goalreestablishment of ecological integrity (Karr and Dudley, 1981; Toth, 1990b ) -was a pivotal event in the restoration planning process, and emanated from a 1988 symposium on the technical, policy and institutional issues relating to the river restoration initiative (Loftin et al., 1990a) . The development of this goal required an understanding of the complex manner in which channelization impacted the system's resources, and recognition that the broad array of lost values and functions could only be achieved through reestablishment of the physical, chemical, and biological characteristics, processes and interactions that governed the ecology and evolution of the historic ecosystem. The basis for this understanding was provided by 20 years of preceding studies on the system's resources, impacts of channelization, and potential restoration measures (Toth, 1993) . The ecological integrity goal shifted the focus of restoration planning from independent objectives involving discreet taxonomic components or ecological functions to the organizational determinants and self-sustaining properties of river/floodplain ecosystems (Toth and Aumen, 1994) .
The ecological integrity goal was defined as "reestablishment of a river/floodplain ecosystem that is capable of supporting and maintaining a balanced, integrated, adaptive community of organisms having a species composition, diversity and functional organization comparable to that of the natural habitat of the region" (s. ampl. Karr and Dudley, 1981) . Development of a comprehensive set of restoration guidelines and criteria was the next significant step in the evolution of the restoration plan. These criteria were founded upon the physical form and hydrologic determinants of ecosystem integrity that were altered by river channelization and the flood control project (Toth, 1990a; Toth et al., 1993; Toth, 1993) and provided a rigorous and objective basis for analyses of alternative restoration plans (Loftin et al., 1990b) . Though many of the Kissimmee River restoration criteria are interdependent and mutually reinforcing, the ecosystem restoration goal requires that all criteria be met simultaneously (Toth, 1995) . This integration requirement provides for the development of the interrelationships and interactions that form the basis of emergent properties (Holling, 1973) of ecosystems which facilitate persistence of a high diversity of species (Paine, 1966) , and maintained the focus of the plan evaluation and selection process on the ecosystem restoration goal. Thus, plans that failed to meet even one of the criteria were eliminated even though they could have some ecological benefits. Piecemeal restoration scenarios such as floodplain impoundments that could be managed for select ecological groups (e.g., wading birds, waterfowl, endangered species) or functions (nutrient assimilation) also were precluded. By basing the plan evaluation process on complete and simultaneous reestablishment of the organizational determinants of ecological integrity, only plans that have potential for restoring the full range of structural and functional values could be selected (Toth and Aumen, 1994) . The scope of the ecological integrity goal and limitations imposed by regulated discharge regimes from the headwater lakes established that dechannelization alone was insufficient to accomplish ecological restoration of the river/floodplain ecosystem. Modifications of the flood control schedule and operation rules were necessary to address impacts of lake regulation. Although the primary objective of this component of restoration planning was to reestablish discharge regimes necessary to restore ecological integrity of the river, the goal was balanced by a desire to simultaneously alleviate environmental impacts of the flood control project within the headwater lakes .
Restoration plan components
The foundation of the $500 million dollar Kissimmee River Restoration Project is to restore the ecological integrity of the river-floodplain system by reconstructing the natural river channel and reestablishing hydrologic processes. The restoration project will dechannelize 35 km of C-38, remove two water control structures, re-carve 15 km of new river channel, acquire 35,000 hectares of historic floodplain, and implement a new headwaters water release schedule that will fluctuate with seasonal rainfall and reestablish flow regimes that are similar to those of the historic river.
The overall Kissimmee River Restoration Project is a combination of 22 sub-projects that include: • restoration evaluation and adaptive management elements, • four phases of backfilling, • acquisition of historic floodplain, • canal and water control structure modifications, • flood proofing of select agricultural and residential areas, • conversion of potentially impacted septic tank systems to sewers, • construction of a railroad bridge over the historic river channel, and • elevation of a major highway across the historic floodplain.
The first phase of the re-construction was completed in February 2001. Phase I included movement of more than 9.2 million cubic metres of earth to backfill 12 km of C-38, the explosive demolition of one water control structure and boat lock, construction of two sections (2.4 km) of new river channel, and reestablishment of 24 contiguous km of river.
Restoration evaluation program
The success of ecological restoration projects ultimately should be judged by achievement of established goals with explicit expectations (Toth and Anderson, 1998) . Restoration evaluation of the Kissimmee River project is based on 60 performance measures with established metrics and endpoints. The 60 performance expectations integrate components of the entire ecosystem including habitat characteristics (12 -hydrology, geomorphology, water quality), wetland vegetation (10), food base (13 -phytoplankton, periphyton, invertebrates, herpetofauna), and fish and wildlife (25). South Florida Water Management District (SFWMD) staff developed the performance expectations with peer review by an independent scientific review panel.
Challenges
The long history of political support for the Kissimmee River Restoration Project provided essential sustenance for the technical and scientific studies that led to the development of the restoration plan. This consistent political support for Kissimmee River restoration was due largely to the success of the project in addressing and incorporating numerous opposing social and cultural factors in the development and selection of the restoration plan. Two of these, the need to maintain navigation and flood control were established as planning constraints. However, the socio-economic impacts and conflict associated with agricultural and to a lesser extent human encroachment on the drained floodplain, and the local public's mistrust of government also were significant issues (Toth and Aumen, 1994) .
In the late 1800s through the 1920s the Kissimmee River was used for commercial navigation and in 1902 Congress authorized a navigation project to provide and maintain a 9.1 m wide and 0.9 m deep channel at the "ordinary" stage of the river (U.S. Congress, 1902) . While this authorization provided the only legal basis for the restoration project's planning constraint, a small but organized contingent argued that any loss of depth afforded by the canal would greatly reduce navigation. Boating surveys put this special interest group's opposition to the river restoration initiative in perspective, and restoration planning and evaluation for navigation concerns was appropriately geared to small fishing boats that remain the primary users of the system (Toth and Aumen, 1994) .
Maintenance of flood control was a more restrictive planning constraint, particularly in conjunction with the ecosystem restoration goal. The basic planning approach was to either maintain levels of flood damage prevention provided by the channelized river, or to compensate landowners for increased flooding risk through acquisition of fee title or flowage easements (flooding rights). The need to reflood drained land on the floodplain and around the headwater lakes was perhaps the most controversial issue of the restoration initiative. The earliest and most consistent source of opposition to restoration was voiced by landowners, particularly ranchers in both the upper and lower basins, who benefited from the drainage that resulted from the flood control project. This source of opposition was at least partly calmed in the early 1980s when a land acquisition program was established to compensate landowners for reflooded land. This acquisition effort has been accomplished using a State of Florida's legislatively created program, which is funded by a tax on real estate transactions (Toth and Aumen, 1994) .
The land buying effort stalled several times due to a gridlock regarding state sovereign lands. Because the State of Florida, by virtue of its sovereignty, has vested title to all land below navigable waters (delineated by the ordinary high water line), state officials periodically have blocked land acquisition along the Kissimmee by contending that much of the land that will be reflooded by the restoration project is already state-owned. Knowing that the ordinary high water mark along the historic Kissimmee River and its headwater lakes had not been legally established, landowners in the valley disputed the state's sovereignty claims and contended legal titles to, and years of tax levies on, land up to the river's banks. Faced with the possibility of lengthy legal deliberations to resolve this dispute, which would have delayed if not thwarted the restoration project, in 1993 the Florida cabinet adopted a resolution (Florida, 1993) permitting the acquisition of disputed lands to accommodate the river restoration project (Toth and Aumen, 1994) .
The most vehement public opposition to the project was generated in 1991 when the U.S. Army Corps of Engineers draft feasibility study on the restoration plan suggested that 356 private residences could be displaced by project-induced flooding. Although most of these residences would have been affected by only extreme flooding events and alternatives to relocation were feasible, the threat of displacement provided the foundation for a well organized opposition movement. This conflict resulted in a scaled-back restoration plan (U.S. Army Corps of Engineers, 1991) that reduced the number of potentially affected residences to 47. The modified plan also addressed economic concerns by reducing the total project cost by $104 million but compromised approximately 26 km 2 of restorable river/floodplain ecosystem (Toth and Aumen, 1994) .
Starting with the initial outcry that produced the call for restoration, public involvement has continuously influenced the course of the restoration initiative. Since 1971 numerous public meetings have been held to solicit input and provide up to date information on restoration-related studies and planning efforts. Despite these frequent attempts at public education and the solid scientific foundation for the restoration plan, much of the public sentiment that underlies opposition to the restoration project continues to emanate from a basic mistrust of the governmental entities that have been at the forefront of the restoration project. Although this source of opposition has little or no substantive basis, and resistance to change will always be present, public education regarding the value of restoration is a significant remaining challenge for the restoration movement (Toth and Aumen, 1994) .
Recommendations for effective restoration initiatives
Using the experience gained from the development of the Kissimmee River Restoration Project, Toth and Aumen (1994) endorsed ten recommendations for successfully planning and implementing integrated environmental restoration and resource enhancement programs.
1. Establish a clearly defined and realistic goal early in the planning process Timely adoption of a goal is essential for plan development and evaluation. The Kissimmee River restoration plan took 20 years to develop partly because a definitive goal was not established early in the process. The established goal of restoring ecosystem integrity is unique in many ways but perhaps mostly because the implicit scope of this goal is attainable. Unlike most other altered ecosystems such as the Everglades and the Mississippi River system, where the infrastructure that has destroyed ecosystem integrity is too well established and/or costly to remove, the principle determinants of ecological integrity that were affected by the central and southern Florida flood control project (i.e. physical form and hydrology) can be reestablished in at least the central portion of the channelized Kissimmee.
Develop a solid scientific/technical basis
Detailed knowledge and understanding of the ecology of the natural and altered system is required for all aspects and phases of planning. Well designed ecosystem-level research is necessary and typically involves years of study. However, the required time frame is minimized when early development of the goal provides a focus for the studies. Periodic peer review of technical and scientific studies will expand project expertise and establish credibility. A solid scientific/technical basis is needed to effectively deal with unsubstantiated sources of opposition that inevitably arise in environmental restoration movements.
3. Employ a decision analysis framework to ensure that limited resources are best directed toward established goals Decision analysis can be an ideal structure by which to plan and implement research efforts for restoration, enhancement and/or management of environmental resources. This framework focuses all efforts around an overall goal. Agreement among various interest groups regarding a long-term goal can be difficult to achieve. The decision analysis framework provides a mechanism for bringing researchers and resource managers to the table to work together using a common language. Decision analysis also creates a process for systematically addressing the uncertainty that is often associated with various restoration or management options.
Develop rigorous criteria for achieving the established goal
Criteria are needed for objective evaluations of alternative restoration or enhancement measures. Criteria must be congruent with the goal and should emanate from the project's scientific/technical study basis. Quantitative criteria are desirable. Once a plan is adopted the criteria become objectives that should be used in evaluating the success of the project.
5. Thoroughly evaluate and integrate social, cultural, and economic issues and concerns in the planning process Evaluation and integration typically require a cooperative, interdisciplinary planning team with technical expertise and input on all relevant issues. Appropriate consideration of all issues and concerns will help foster and maintain the political support that is needed to facilitate most restoration efforts.
6. Place less emphasis on "crisis management" and more emphasis on informed planning and research efforts Environmental restoration and management in large and complex systems such as the Kissimmee River is challenging and sometimes elusive. Intense public and political pressures, combined with occasional litigation brought forward by various interest groups, often hamper the integrated planning required to achieve long-term protection and restoration goals. Careful, well informed planning is the hallmark of successful environmental research and restoration and management programs. Restoration movements typically are initiated and nurtured by environmental organizations with grassroots public and political support. It is critical that these support groups are aware of, and utilize, up-to-date scientific and technical information. Without this information the course of the initiative may be naively steered in potentially disastrous directions. Thus, project scientists must insure that their findings are effectively communicated to support groups.
In addition to providing accurate information on scientific/technical studies and environmental benefits of the project, public education efforts should strive to make the link between restoration/enhancement of environmental resources and "quality of life", including associated economic benefits. The public should be continuously reminded of the value of these projects in preserving our natural heritage for future generations.
8. Implement a well designed ecological evaluation program to document the success of the project Design of the ecological evaluation studies must reflect the goal. The evaluation program will measure the pulse of the restoration/enhancement efforts and should document changes that are of both social and scientific importance. The evaluation studies will provide for continual fine-tuning of the project while it is in progress, and for adaptive management of the restored/enhanced system. The ecological evaluation program also will demonstrate the potential applicability of the project's planning principles and guidelines for other proposed restoration or rehabilitation programs.
Establish effective leadership
Complex restoration projects need effective leaders who have an understanding of all issues and concerns and are capable of guiding the project through the inevitable maze of bureaucratic roadblocks. To this end, long-term continuity among leadership is invaluable. Project scientists need to be an integral part of the leadership.
10. Implement integrated environmental management and restoration programs according to natural boundaries rather than political or jurisdictional boundaries Natural systems are defined by natural boundaries, rather than by artificial boundaries such as agency jurisdictional lines or political districts. As such, restoration and resource management directed along natural boundaries will experience a greater degree of success than will efforts constrained by artificial boundaries.
